Epidemiologic and laboratory studies suggest that allium vegetables and garlic constituents have antitumor effects. In a population-based, casecontrol study conducted in Shanghai, China, we investigated the association between intake of allium vegetables, including garlic, scallions, onions, chives, and leeks, and the risk of prostate cancer. We administered inperson interviews and collected information on 122 food items from 238 case subjects with incident, histologically confirmed prostate cancer and from 471 male population control subjects. Men in the highest of three intake categories of total allium vegetables (>10.0 g/day) had a statistically significantly lower risk (odds ratio [OR] = 0.51, 95% confidence i n t e r v a l [ C I ] = 0 . 3 4 t o 0 . 7 6 ; P trend <.001) of prostate cancer than those in the lowest category (<2.2 g/day). Similar comparisons between categories showed reductions in risk for men in the highest intake categories for garlic (OR = 0.47, 95% CI = 0.31 to 0.71; P trend <.001) and scallions (OR = 0.30, 95% CI = 0.18 to 0.51; P trend <.001). The reduced risk of prostate cancer associated with allium vegetables was independent of body size, intake of other foods, and total calorie intake and was more pronounced for men with localized than with advanced prostate cancer. Although epidemiologic studies have related consumption of allium vegetables to lower risks for cancers of the stomach, colon, esophagus, and perhaps breast (1-9) , few data are available on a possible association with prostate cancer. Allium vegetables, including garlic, onions, leeks, chives, scallions, and shallots, are rich in flavonols and organosulfur compounds, which have tumor-inhibitory properties in laboratory studies (1, 2, (10) (11) (12) (13) (14) . The precise mechanisms are unclear, although some components of allium vegetables are rep o r t e d t o b l o c k m e t a b o l i s m o f polycyclic hydrocarbons and nitrosamines, inhibit microbial activity and enhance immunocompetence, suppress cell division and proliferation, modulate phase I and II enzymes and DNA repair, or induce apoptosis (11). In addition, a recent study (4) has shown that the garlic constituent S-allylmercaptocysteine can alter androgenic action in prostatic cells by modulating the expression of androgen-responsive biomarkers. However, whether allium vegetables influence the risk of prostate cancer in vivo is unclear.
Although epidemiologic studies have related consumption of allium vegetables to lower risks for cancers of the stomach, colon, esophagus, and perhaps breast (1) (2) (3) (4) (5) (6) (7) (8) (9) , few data are available on a possible association with prostate cancer. Allium vegetables, including garlic, onions, leeks, chives, scallions, and shallots, are rich in flavonols and organosulfur compounds, which have tumor-inhibitory properties in laboratory studies (1, 2, (10) (11) (12) (13) (14) . The precise mechanisms are unclear, although some components of allium vegetables are rep o r t e d t o b l o c k m e t a b o l i s m o f polycyclic hydrocarbons and nitrosamines, inhibit microbial activity and enhance immunocompetence, suppress cell division and proliferation, modulate phase I and II enzymes and DNA repair, or induce apoptosis (11) . In addition, a recent study (4) has shown that the garlic constituent S-allylmercaptocysteine can alter androgenic action in prostatic cells by modulating the expression of androgen-responsive biomarkers. However, whether allium vegetables influence the risk of prostate cancer in vivo is unclear.
As part of a population-based, casecontrol study conducted in Shanghai, we report herein the relationship between allium vegetable intake and the risk of prostate cancer. The methods of this study have been described in detail elsewhere (15) (16) (17) (18) . Briefly, case subjects with histologically confirmed incident prostate cancer diagnosed between 1993 and 1995 were identified through a rapid reporting system. Two hundred thirtyeight (89%) of 268 eligible case subjects (representing 95% of the case subjects diagnosed in Shanghai during the study period) were interviewed for this study. On the basis of a resident registry of all persons aged 16 years and older in urban Shanghai, healthy men were randomly selected from the 6.5 million permanent residents and frequency-matched to the case subjects' expected age distribution in 5-year age groups. Of the 495 eligible population control subjects, 471 (95%) were interviewed for this study. The study was approved by the Institutional Review Boards of the U.S. National Cancer Institute and the Shanghai Cancer Institute (Shanghai, China). All study participants provided written informed consent.
Trained interviewers used a structured questionnaire to obtain information on epidemiologic factors from study participants. Usual adult dietary intake [in liangs; one liang equals 50 grams (19) ] 5 years before the date of the interview was assessed with the use of a 122-item food-frequency instrument listing foods most frequently consumed by Shanghai residents. This instrument was validated by 24-hour dietary recall methods (Gao YT: unpublished data). The 122 food items were combined into 20 food groups, including the allium vegetable food group (i.e., garlic, scallions, onions, leeks, and Chinese chives). Nutrient values were derived using the Chinese Food Composition Tables (19) , and total energy intake was derived by summing the caloric contents from all foods. Correlations of intake of allium vegetables with each other and with other foods were assessed using Spearman rank-order correlation coefficients. Unconditional logistic regression was used to generate odds ratios (ORs) and 95% confidence intervals (CIs) to estimate the effects of allium vegetable consumption on the risk of prostate cancer independent of other potential risk factors (including age at interview, total energy intake, alcohol use, and intake of total vegetables and meats) (20) . Allium vegetable intake was divided into three groups of roughly equal size on the basis of tertiles of intake among population control subjects; however, because study participants reported intake in integer values of liangs, clustering prevented uniform numbers of subjects in each category. Tests for linear trend were performed using approximate tertiles as consecutive integers (continuous variables). Statistical analyses were performed using SAS, version 8 (SAS Institute, Inc., Cary, NC). All statistical tests were two-sided.
We first compared the demographic characteristics of the control subjects with those of the case subjects and found that the case subjects were slightly better educated, were less likely to be married, and had a higher waist-to-hip ratio. About two thirds of the case subjects were diagnosed with advanced [clinical stage C or D (21)] versus localized (stage A or B) prostate cancer, and two thirds of the case subjects were diagnosed with prostate cancers that were moderately or poorly differentiated. At the time of diagnosis, most case subjects had symptoms of their disease, with 77% having serum prostate-specific antigen levels of greater than 10 ng/mL (median ‫ס‬ 87 ng/mL).
For the 471 control subjects, the median intake of allium vegetables was 5.5 g/day (about 2 cloves of garlic). Among the control subjects reporting any allium vegetable consumption (88%), the median intake was 8.3 g/day. Garlic was the most commonly consumed allium vegetable, followed by scallions and Chinese chives (medians, 5.9, 2.6, and 2.5 g/day, respectively). Consumption of allium vegetables was positively and statistically significantly correlated with total fat, total calories, animal fat, all vegetables combined, cruciferous vegetables, green leafy vegetables, dark orange vegetables, and phytoestrogencontaining foods (Table 1 ). In addition, the five individual allium vegetables were strongly and statistically significantly correlated with one another (Table 1) .
After adjusting for age and total caloric intake, we determined whether the consumption of allium vegetables was associated with a reduced risk of prostate cancer ( Table 2 ) and found that men who consumed more than 10.0 g/day of allium vegetables had a reduced risk of prostate cancer compared with those who consumed less than 2.2 g/day (OR ‫ס‬ 0.51, 95% CI ‫ס‬ 0.34 to 0.76; P trend <.001). Similar results were observed for allium vegetables when the referent category included only men with no intake (data not shown). Garlic and scallions had the most pronounced effect on the risk reductions. Men in the highest intake categories of chives and onions experienced nonsignificant risk reductions. Compared with control subjects, the reduced risk of prostate cancer associated with higher consumption of allium vegetables was more pronounced for patients with localized prostate cancer than for those with advanced cancer (Table 2) .
Although fruits and vegetables have been inconsistently related to a reduced risk of prostate cancer (22) , one study (23) reported that intake of two or more servings of garlic per week was associated with a statistically nonsignificant 36% reduction in risk of prostate cancer. In our study population, although intake of fruits and vegetables was associated with a slight reduction in prostate cancer risk (Hsing AW, Gridley G, Gao YT, Deng J, Madigan MP, Sesterhenn I, et al.: unpublished data), the reduced risk of prostate cancer associated with consumption of allium vegetables was much more pronounced than the effects of other individual vegetables or vegetable groups. Although consumption of allium vegetables was positively correlated with consumption of several other dietary items in our study, the reduced risk of prostate cancer associated with allium vegetable intake persisted after adjustment for these dietary items. Furthermore, although reduced risks associated with intake of lycopene and cruciferous vegetables have been reported for prostate cancer in Western populations (24) (25) (26) , no such association was found in our study of Chinese men. Nevertheless, it is possible that the inverse association we observed between prostate cancer and allium vegetable intake may be a result of uncontrolled confounding by some unidentified or unmeasured factors.
In our study, garlic and scallions were the major allium vegetables associated with a reduced prostate cancer risk, perhaps a result of their more frequent consumption in the Shanghai population. Although reported consumption of onions is higher in Western populations (27) than in China, garlic intake in our study was higher than in U.S. and British population studies (23, 28) . In our study in Shanghai, 46% of the population control subjects reported consuming at least 6 grams (about 2 cloves) of garlic per week. By contrast, only 15% of British males re- There are several potential limitations to our study. The imprecise nature of dietary assessments based on selfreported food frequency data is likely to have resulted in some misclassification of allium intake, which is unlikely to differ between case and control subjects. However, differential recall of allium vegetable intake between case and control subjects, although possible, may have been lessened by obtaining information on usual adult intake 5 years before interview, by a lack of evidence that study participants were aware of any potential link between allium vegetable intake and prostate cancer, and by the small proportion of case subjects (<10%) reporting recent changes in dietary habits that might have influenced recall of usual dietary intake. It is unlikely that having prostate cancer substantially influenced case subjects' current allium vegetable intake or their recall of usual intake 5 years before the interview, since the mean reported intake did not differ substantially between case subjects with localized versus advanced stage prostate cancer. Although heating and cooking may reduce the tumor-inhibitory properties of allium vegetables (29), we do not have data on these factors.
In summary, our population-based, case-control study of the risk of prostate cancer in Chinese men identified a reduced risk associated with consumption of allium vegetables, especially garlic and scallions, that was independent of intake of other dietary items. Further studies, especially cohort investigations in Western and Asian populations, are needed to clarify the reduced risks associated with specific allium vegetables and to determine the biologic mechanisms involved. 
